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1 Introduction

For a ton—year of 135Xe, and an effective mass of the neutrino of 50 meV, we are expecting a few counts
per year at the QQgg energy of 2.457 MeV. To be sensitive to such a low number of counts, we need a
background of the order of 10~ counts/keV /kg/year in a region of interest (ROI) of 1% around the Qgp
energy (a few ten counts per year —around 1072 counts/keV /kg/year — for an effective neutrino mass
of 100 meV). This implies the use of clean materials and a shielding to protect the experiments against
the laboratory walls contamination, mainly the 2.615MeV photons coming from the 2°8TI isotope of
the radioactive chains with a flux around 0.13+/cm?/s [1] and 2'“Bi photons of 2.448 MeV, much less
abundant but dangerous since are very close to the ()gg energy.

Radon in air, water and from material emanation will affect the experiment and the shielding project
must study how to eliminate this contribution.

Other possible external sources of background are neutrons, whether produced by natural radioactivity
in the walls or shielding or as secondary products of cosmic muons. Preliminary estimations seem to point
that these contributions are very much below the level of concern for NEXT. High energy gammas can
be produced in muon-induced electromagnetic cascades. Although they too seem to be of no importance
for NEXT, they could be partially tagged by using active muon veto in the shielding.

We assume that the shielding fulfills the following specifications, which allow us to neglect in our
background model all external gamma contributions, all radioactive emission from shielding materials
(other than the innermost cm’s of vessel and first layer of shielding) and contribution from radon and
its progeny.

- The shielding should be thick enough to decrease the number of external background counts below
a few counts per ton and year ( ~ 10~%counts/kg/keV /year). The chosen option is a lead castle
(around 25 cm-width) in which a first layer of copper (around 5cm) have to be included since the
screened lead is not clean enough.

- The radiopurity of the different layers of the shielding must be such that each of the layer’s contri-
bution to the background, after attenuation of the material inside that layer, does not amount in
total to more than the stated 10~* counts/kg/keV /year. The radiopurity of the innermost layer, in
particular, has the strongest radiopurity constraint, at the level of the detector components them-
selves. This is achieved by the lead castle option by using an inner lining of about ~ 5cm high

purity copper (~ 10 uBq/kg )

- The shielding is built with anti-radon measures (radon-tight tent, radon-free gas flushing system),
so that it efficiently fights against radon emanation from materials or radon diffusion from the
laboratory air, and bring the radon concentration down to negligible levels for NEXT.



This assumptions justify the exclusion from our background model of all external sources of back-
ground as well as radioactivity from the shielding materials, other than the innermost 3 cm of copper of
the shielding or vessel. We will focus in the following in the identification of all possible internal sources
of background and therefore on the radiopurity of the inner materials.

2 Control of material radiopurity

Information on radiopurity of the materials expected to be used in the construction of NEXT100 has been
compiled, performing specific measurements and also taking data from the literature for materials not
screened yet. Relevant materials for shielding, vessel, High Voltage and Electroluminescence components,
detector components at the energy and tracking planes and others (Xe gas, gas system,...) have been
taken into consideration. This collection is intended to be helpful for:

e The selection of radiopure materials, identifying, if possible, the provider or a model of the com-
ponent giving the lowest activities. Information on previous measurements helps to establish fair
priorities in the use of Ge detectors.

e The construction on the NEXT100 background model, providing reference activities to normalize
simulations.

The techniques employed up to now for the radiopurity measurements performed for NEXT are
GDMS (Glow-Discharge Mass Spectrometry) and germanium spectroscopy. GDMS measurements have
been made by Shiva Technologies (Evans Analytical Group) in France; this method (very suitable for
metals) is fast and requires only a small sample of the material, but as the output is only the concen-
tration of elements, particular isotopes are not identified and broken secular equilibrium in the chains
cannot be detected. Ge spectroscopy measurements have been made at the Canfranc Underground Lab-
oratory, using a ~1 kg detector operated by the University of Zaragoza and the ~2 kg detectors from the
Canfranc Underground Laboratory. The possibility of using ICPMS (Inductively-Coupled Plasma Mass
Spectrometry) was explored in collaboration with CIEMAT but achievable sensitivity has not been fixed
yet.

Results of all radiopurity measurements performed for NEXT are compiled at a database available
for the collaboration by means of a web application [2], including all the available, relevant information.

2.1 Shielding

Lead: samples from different providers (Mifer, Tecnibusa and COMETA) have been screened by GDMS.
Results are shown at rows #1-5 in Table 1. Specifications on radiopurity of COMETA lead (row #2) agree
with the measured activities and offer <100 mBq/kg of 2!°Pb. A half-brick sample of Tecnibusa lead has
been measured at the Canfranc Underground Laboratory using a Ge detector (GeAnayet); results are
presented at row #6 in Table 1.
Copper: samples from different origins (Luvata company with both hot and cold rolling, Sanmetal
company and electroformed copper at University of Zaragoza) have been screen by GDMS. Results are
shown at rows #7-11 in Table 1.

More measurements performed on these materials in the framework of different experiments are com-
piled at the documentation page of the website [2]. Water containers and polyethylene have not been
taken into consideration since, in principle, they are not going to to be used.

2.2 Vessel

Titanium: Ti grade 2 (or grade 3) was expected to be used for cylindrical shell, flanges, heads, nozzles
and supports in the vessel.



e A sample from Nironit, grade 1, type A35, Titanium was measured for the XENON experiment
using the GATOR detector at Gran Sasso Laboratory [7]. Results are shown at row #12 in Table
1.

e One Ti sample coming from the batch used in the LUX cryostat (type CP1) was screened using
different techniques and after undergoing different treatments. Qualitative information on this
sample was obtained also from PIXE (Particle Induced X-ray Emission) and RBS (Rutherford
Back Scattering) analysis at the Centro Nacional de Aceleradores in Sevilla. Results are shown at
rows #14-16 in Table 1. An important surface contamination was produced at some step when
handling the sample; after polishing it, removing a thin layer of ~0.5 mm, the high activity levels
were dramatically reduced (compare results at rows #15 and #16 in Table 1) but results coming
from different techniques are not fully compatible. The LUX collaboration has recently presented
the results of an exhaustive analysis of Ti samples [8]; best activities, corresponding to a 8-kg sample
measured using Ge detector MAEVE (ORO), are also shown at row #13 in Table 1.

o A sample of grade 2 Titanium coming from a Spanish provider, Titanio SMP', has been screened
with two of the 2-kg Ge detectors (GeOroel,GeTobazo) of the Canfranc Underground Laboratory.
It consisted of 8 1-mm-thick cylinders having a total mass of 121 g. A standard cleaning protocol
was including:

Diamond cut.

Diamond-sanding to remove the titanium oxide surface.

Cleaning with acetone (alcohol was avoided because it can affect the mechanical properties).

Acid-detergent.

Nitric acid-bat, to remove iron that may be on the surface without affecting the titanium).

Back to clean with acetone.
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Saving in an hermetic plastic bag.

Preliminary results are shown at rows #17-18 in Table 1. The cross-check exercise of screening a
sample using two different Ge detectors was satisfactory.

o A sample of grade 2 Titanium from Titanium Metal Supply?, as the one used by the LUX Col-
laboration, has been screened at the Canfranc Underground Laboratory with detector GeOroel. It
consisted of three cubes (50x50x50 mm? corresponding to a mass of 0.57 kg each) and underwent
the standard cleaning protocol fixed and described before. Preliminary results are shown at row
#19 in Table 1.

Stainless steel: vessel could also be made of this material.

e One sample of type 304L from Pfeiffer has been screened using the Ge detector from University of
Zaragoza at Canfranc. Results are shown at row #20 in Table 1. Type AISI304L was also analyzed
by Borexino [3].

e Type 316L was studied using GDMS for the DRIFT experiment by UKDMC and results are
reported at [16] and summarized at rows #21-22 in Table 1. Many samples of this type of steel
were analyzed also at SNOLab [6] and results for one of the cleanest sample are quoted at row #23
in Table 1, but values up to one order of magnitude higher were also found.

Thttp://www.titaniosmp.com/
2http:/ /www.titaniummetalsupply.com



o Material referenced as austenitic 1.4571 (also 316L) has been extensively studied by GERDA and
by XENON. Best values reported in Table 1 at [4] (measurement #7) are for stainless steel 316Ti
supplied by Nironit, 1.5-mm-thick and used for the XENON cryostat wall; they are presented at
row #24 in Table 1. Best results obtained by GERDA (sample #2) [5] are also quoted at row #25
in Table 1. According to these measurements, values or upper limits on activity at the level of even
tenths of mBq/kg can be found for isotopes from the natural chains at the best case.

e Samples of different types and suppliers have been analyzed by several experiments, like for instance
at SNOlab (NA Stainless, Nironit, Swagelok, 316L) [6].

Screening of stainless steel samples from Nironit company, having different thicknesses suitable for

different parts of NEXT100 vessel, has started at Canfranc Underground Laboratory.
Inconel: bolts will be made of this material. Samples of Inconel 718 (diameter: 32 mm, height: 50 mm)
and Inconel 625 (80x70x10 mm?) from the Spanish company Mecanizados Kanter® have received the
standard cleaning protocol and have been screened with one of the 2-kg Ge detectors (GeOroel) of the
Canfranc Underground Laboratory. Preliminary results are shown at rows #27-28 in Table 1.

Concerning the joints and gaskets, Helicoflex seals from Garlock (Al jacket) could be used, although
materials like peek, PCTFE or viton could be also relevant.

PCTFE: EXO has screened a PCTFE sample, reported as “Saint Gobain supplied Daikin Neoflon
PCTFE (Kel-F), M-400H, raw material” at measurement #50 at [9]. Results are shown at row #29 in
Table 1.

Viton: a sample for O-ring seal was screened by EXO (measurement #154 at [9]). Results are shown at
row #30 in Table 1.

Electron beam, TIG or MIG are possibilities for the welding. A sample referenced as “Stainless steel
TIG” from Harris Product Group has been screened at SNOlab and results are quoted at row #26 in
Table 1. EXO has reported (measurement #6 at [9]) the concentrations of Th and U after TIG welding
on a copper sample: <9.8 pg/cm of Th, 10.243.4 pg/cm of U. A filler for TIG soldering, made of Ti grade
2 (diameter: 2 mm) supplied by ETM company is being screened at Canfranc Underground Laboratory.

2.3 High Voltage and Electroluminescence components

The main components of the field cage will be copper rings, resistors and peek. High density polyethylene
could also be used.
Peek: a sample (18 bars) from Sanmetal company has been screened using the Ge detector from Univer-
sity of Zaragoza at Canfranc. Values obtained are shown at row #31 in Table 1. Results from another
measurement on peek presented at [10] are quoted at row #32 in Table 1.
Resistors: surface mount precision plate resistors supplied by Finechem were screened by XENON
(measurement #44 at Table 1 in [4]). Results are shown at row #33 in Table 1. SMD resistors from
both Finechem and Farnell have been also measured at Canfranc with the Ge detector from University
of Zaragoza and results are presented at rows #34-35 in Table 1.
Polyethylene: samples of material to be used as neutron moderator in shieldings have been screened
for different dark matter experiments; best results from EDELWEISS (supplier Plastiques du Rhone)
presented at [16] and from XENON (supplier in2plastic, measurement #14 in Table 1 at [4]) are shown
at rows #36-37 in Table 1. More results are available at [16]. Polyethylene insulator from cables has
been analyzed by EXO and values from measurement #199 at [9] are quoted at row #38 in Table 1.
The High Voltage feedthroughs will consist of a metal rod pressed into a plastic tube (Tefzel or FEP).
Copper shields could be used.
For the FElectroluminiscence grids, the mesh will be made of stainless steel.

3http://www.mecanizados-kanter.es/



The light tube will be made of Tetratex fixed over a 3M substrate, coated with TPB. ArDM has
screened specifically PTFE Tetratex from Donaldson Membranes by ICPMS [11]. Results are summarized
at row #39 in Table 1. TPB from two different manufacturers have been measured at SNOlab [6] and
results are presented at rows #40-41 in Table 1.

Teflon: samples from many different origins have been screened in the context of several experiments (a
compilation is available at the documentation page of the website [2]).

e The cleanest one we are aware of is DuPont Teflon TE-6472, for which raw material has been
measured by EXO using Neutron Activation Analysis (NAA) (measurement #43 in Table 3 at [9]);
these results are summarized at row #42 in Table 1.

e GERDA has also reported results for a clean Teflon sample (Dyneon TF 1620) [12], quoted at row
#43 in Table 1; at [13], where slightly different activities are reported for this PTFE, it is said that
it was sintered on special request in a clean way by ElringKlinger Kunstofftechnik GmbH.

2.4 Detector components
2.4.1 Energy plane
Different models of photomultipliers have been under consideration.

¢ Hamamatsu R8520-406: many different batches of model R8520 have been screened in the
context of the XENON100 experiment; an average of measured activities has been made using
results in Table 1 at [4] (considering batches from 1 to 17 excluding 3, 5 and 6) and is shown at row

#44 in Table 1. Activities on a custom base for this PMT model are also reported at measurement
#40 in Table 1 at [4] and summarized at row #45 in Table 1.

¢ Hamamatsu R7378A: activity is ~50 mBq/PMT of 238U and 2*2Th [14].

e Hamamatsu R11410MOD: XENON (measurement #38 in Table 1 at [4]) and LUX [15] have
measured activities for this photomultiplier, quoted at rows #46-47 in Table 1. Specifications
provided by Hamamatsu for this model are also shown at row #48 in Table 1. This photomultiplier
could be placed in copper cans.

The photomultiplier tubes could be made of titanium and their cables could be collected in a copper
tube. A photomultiplier feedthrough made of steel and glass ceramic, having 41 pins Au plated supplied
by Ceramtec company has been screened at Canfranc Underground Laboratory using GeTobazo detector.
Results are in progress.

Sapphire and quartz have been proposed as possible materials for the windows coupling PMTs to the
vessel.

Sapphire: sapphire crystals from different origin have been screened within the ROSEBUD experiment;
best results from [16] are summarized at rows #49-50 in Table 1. Sapphire windows have been measured
by EXO (from Swiss Jewel Company, substrate for EXO high voltage resistors). Results obtained using
NAA (measurement #155 in [9]) are quoted at row #51 in Table 1.

Quartz (or fused silica): different kinds of quartz have been screened by EXO (measurements #61 to
#67 at [9]) using NAA. One of the cleanest sample is Heraeus 2, having activities reported at row #52
in Table 1.

2.4.2 Tracking plane

The daughter boards for SiPM will be made of cuflon coated with TPB. Silicon, as germanium, is a
very radiopure material with intrinsic activities of 23®U and 232Th at the level of some uBq/kg [17].
Information on TPB from [6] was presented at rows #40-41 in Table 1.



Cuflon: a circuit board made of cuflon was screened for the EDELWEISS experiment and the results
taken from [16] are shown at row #53 in Table 1. GERDA has reported more stringent results for
cuflon at [12], shown at row #54 in Table 1. A cuflon sample was analyzed by ICPMS and Ge gamma
spectroscopy at [18], and results are shown at rows #55-56 in Table 1; even independent results for Cu
and Teflon have been reported from ICPMS.

For the mother boards or other electronic boards, many different types of circuit boards from several
providers have been screened for different experiments, like EDELWEISS. Results taken from [16] are
shown at rows #57-65 in Table 1. PCBs of fr4 have been proposed to be used in the in-vessel electronics,
being necessary, for 107 front-end boards, 5.6 kg of fr4 together with 2.9 of copper; measurements of a fr4
PCB performed using the Ge detector of University of Zaragoza are reported at row #66 in Table 1. Glass
fiber-reinforced materials at base plates of circuit boards can be a source of radioactive contamination
[17]. In addition to quite high activity levels, an unacceptable rate of outgassing has been observed for
this material. Components made of just kapton (like cirlex) and copper offer very good radiopurity, as
shown in the measurements of kapton-copper foils published at [19] and reported at row #67 in Table 1
and in the screening of a monolayer PCB made of kapton and copper supplied by LabCircuits using the
Ge detector of the University of Zaragoza, presented at row #68 in Table 1.

Concerning soldering, no specific information has been found for the radiopurity of the Sn/Pb wire
usually used for electronics; some data are available for metal soldering using Sn/Ag or silver at [16].
Screening to select the best wire seems to be consequently mandatory. The involved mass per SiPM
soldering has been measured as 0.045 mg (2.88 g per board having 8x8 SiPMs). An alternative proposed
to SiPM soldering would be the use of epoxies. Results of a radiopurity measurement for EPO-TEK 301-2
adhesive are available at [20] and shown at row #69 in Table 1. Concerning silver epoxy, information taken
from [16] (EPO-TEK H20E, Epoxy Technologies) and from [20] (EPO-TEK 417F, Epoxy Technologies,
thick silver paste) is presented at rows #70-71 in Table 1; a specially radiopure silver epoxy (Tra-Con
Tra-Duct 2902, from Ellsworth*) has been identified by American colleagues and the measured activities
are reported at row #72 in Table 1 [21]. More results on epoxies, adhesives or glues can be found at [16]
(for “glues”), [20] and [6].

Connectors FEC/FCP (Flexible Printed Circuit & Flexible Flat Cable) are necessary for SiPM daugh-
ter bards. Information on this kind of connector supplied by Molex company is available from the EDEL-
WEISS experiment at [16] and reported at row #73 in Table 1. Data on other kind of electric connectors
(supplied by ITT Canon, Glenair, Omnetics, Fischer) can also be found at [16]. Jupiter connectors were
screened by Borexino [3] and High Voltage connectors (from Kings) at SNOlab [6].

Regarding resistors, measurement results on SMD resistors supplied by Finechem and Farnell has been
presented at rows #33-35 in Table 1, being those of the first company more radiopure. More information
on carbon resistors or from other suppliers is available at [16].

No information has been found for SMD or electrolytic capacitors. Screening results for tantalum
capacitors (150 pF, supplied by AVX) are reported at [16] and shown at row #74 in Table 1. According
to measurements available also at [16], ceramic capacitors seem to be far more radioactive than the
screened tantalum ones.

Different kinds of wires and cables have been screened; for example, coaxial cables from Axon [16],
by EXO [9], from Caburn-MDC by XENON [4], from Habia (Cu/PTFE) by GERDA [12]. Information
on High Voltage cables is also available at [16], [9] or [4] (silver coated, kapton insulated cables supplied
by Caburn-MDC for XENON). Copper wires were screened by EXO [9]. Information on optical fibers
from Luceat has been also presented by XENON [4]. A collection of some measurements of radiopurity
of connectors, resistors, capacitors, wires,. .. was made and is available at the documentation page of the
website [2].

No information has been found for specific components like ADCs, amplifiers, voltage regulators or
transceivers to be used in the front-end boards making part of the in-vessel electronics; therefore, screening

4http://www.ellsworth.com/tracon.html



of these components is required.

2.5 Others

Xe gas: activities of 28U and 232Th chains were estimated by means of Ba (BiPo sequences) and a«
coincidences at the Gotthard experiment [22], being of 0.11 mBq/kg of 238U and 0.02 mBq/kg of 232Th.
Information on activities of 8Kr and 3?Ar could be deduced from the purity measurements performed
for both natural and enriched xenon by EX0200 [23].

Regarding the gas system, pipes and valves as well as temperature, pressure or flux sensors located
inside the shielding and moreover inside the vessel must be controlled. Just as an example, the HF4000
CARTEN valve (~47.7 kg), used for turbomolecular pump and mostly made of 316L stainless steel, would
be close to the vessel requiring possibly to be inside a radiopure cap.

Materials for other elements of the experimental set-up still to be defined, like the calibration or the
slow control systems, should be also considered.

After collecting available information and in order to efficiently perform new radiopurity measure-
ments, the following conclusions can be drawn:

e As it can be deduced from Table 1, no information on radiopurity has been found at the literature
for inconel, Helicoflex gaskets, SiPM or materials for HV feedthroughs; specific measurements for
these components are therefore mandatory and must be completed or undertaken in the next future.
Construction of new daughter boards with SiPMs for the tracking plane will be undertaken in the
following months taking care of radiopurity of components and measurements at different steps are
necessary.

e Concerning photosensors, although there is available information on photomultipliers, boards and
other relevant materials, as soon as final components to be used in NEXT100 are chosen, a cam-
paign to screen them should start. Screening of the recently purchased Hamamatsu R11410MOD
photomultiplier will be made soon.

e There is a great deal of information and also measurements made on purpose for NEXT regarding
vessel and shielding materials, but specific measurements on stainless steel are now of high priority
to fix the vessel design.
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3 Radon emanation and background contribution

Let us consider a source of radon emanation anywhere in the gas system adding Rn222 atoms in gas with
a rate of A\e. Then, these atoms decay with a period of Tj/,=3.82days, implying a decay constant of
Ag=In(2)/(3.83 x 24 x 60)=1.26 x 10~*min~!.

The number of Rn220 atoms at time ¢ in the system will follow the equation

dN
A =MD, 1
dt d (1)

whose solution accounts for the total number of 222Rn nuclei

Ae

N =5

(1—e ). (2)
In the case of a large time we get an maximum and stable number of atoms, which depends on the
rapport between production and decaying N(t)=A./Aq, and an activity of A(t)=AgN(t)=A.. Therefore,
the emanation rate can be directly translated into activity. 222Rn decays (99.98%) into 2'8Po (positively
charged Po ions in 80% of the cases) which will be deposited on the cathode and accumulated there as
an extra . Assuming that only 80% of the Xe is inside the fiducial volume, and that the cathode has a
diameter of around 115cm, the 214Bi contamination of the cathode due to the radon dissolved in gas
will be

Re x 0.8 x 0.8/10387 ~ 62 x R,  (uBg/cm?), (3)

R. being the emanation rate in *??Rn nuclei/s. As radioactive contamination in cathode and readout is
one of our main concerns due to the proximity of these components to the fiducial volumen, we should
requiere very low Bi214 contaminations, at least of the order of that of the readout (it has been measured
26 11 Bq/cm? for MM’s).

SOME EMANATION DATA

Emanation data contributing to the Xe gas radon contents have been collected in literature. The
Bi214 deposition on cathode has been estimated considering that 80% of the circulating volume is inside
the fiducial volume; also another 0.8 factor take into account the neutral 2'8Po ions.

Another contribution to the radon contents of the xenon gas may be tubing and piping for recircula-
tion. Assuming 8 m of stainless steel piping (0.5 inch diameter), the emanation surface would be around
0.31m2. SNO collaboration gives a limit for steel emanation around 80x107%s~!/m?, which translated
into 2'Bi on the cathode gives a contamination of the order of nBq/cm?, totally negligible.

More emanation rates can be looked for in the bibliography, but it is worthy to make some remarks:

e The most worrisome materials are those in close contact with the gas in its way to the vessel, since
any emanation rate here is equivalent to radon activity inside the chamber.

e Once emanation stops, radon activity decreases with radon decay half life.

e All radon emanation measurements have been performed in vacuum. Emanation depends on pres-
sure difference and, for a high pressure vessel, emanation rate due to inner material should be
negligible. This is not the case inside the circulation system and filters.

e In all references, electronic cables present an important radon emanation due to the high number
of cables and, therefore, the large exposed surface (for coax cables the estimated exposed area is
2500 m? in SNO). An Ny overpressure between vessel and shielding would minimize the emanation
of the closest cables to the detector.
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More 222Rn emanation data can be extracted from 233U radiopurity data, assuming a few microns

for emanation length in metals and almost a cm in plastics (emanation length in porous materials is
much larger), but screws, gaskets, internal tubes ... increase the exposed surface and, therefore, radon
emanation. Most of the double beta or dark matter experiments have carried out radon emanation
measurements, though they usually stay as internal reports. Some of the published data can be found in
references [24]-[26].
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